Occurrence of azole-resistant Aspergillus fumigatus (ARAF) in the environment is an emerging problem worldwide, likely impacting on patient treatment. Several resistance mutations are thought to have initially arisen through triazole-based fungicide use in agriculture and subsequently being propagated in a similar manner. Here we investigated the prevalence of ARAF in the environment of Thailand and characterized their susceptibility profiles toward clinically used azole compounds along with underlying resistance mutations. Three hundred and eight soil samples were collected and analyzed, out of which 3.25% (n = 10) were positive for ARAF. All isolates obtained were resistant to itraconazole (MIC ≥ 8 μg/ml), two showed additional increased MIC values toward posaconazole (MIC = 0.5 μg/ml), and one other toward voriconazole (MIC = 2 μg/ml). Sequencing of the respective cyp51A genes revealed that eight of the isolates carried the TR 34 /L98H allele and those two with elevated MIC values to posaconazole the G54R substitution. Although a clear correlation between the use of triazole-based fungicides and isolation of ARAF strains from agricultural lands could not be established for Thailand, but this study clearly demonstrates the spread of globally observed ARAF strains to the environment of South East Asia.
from first line treatment of IA patients would dramatically limit drug choices (reviewed in ref 2 ). This would also affect patients in Thailand, as prevalence of IA, which is associated with a mortality rate of 22.1% in the Asia-Pacific region, 3 has been increasing due to increased number of immunocompromised hosts. 4 Two alleles of the cyp51A gene, one with a 34 base pair tandem repeat in the promoter region in combination with a substitution at codon L98 (TR 34 /L98H), the other a 46 base pair tandem repeat in combination with substitutions at codons Y121 and T289 (TR 46 /Y121F/T289A) have been shown to make up the highest fraction of known resistance mutations found in these isolates. Both alleles are thought to have arisen by the use of agricultural azoles 5, 6 and subsequently genetically spreading through the A. fumigatus population 7, 8 as well as geographically around the globe.
The original source of these alleles is yet unknown. 
Methods
Soil sample collection and azole resistance Aspergillus fumigatus screening test
Samples were collected and processed as described previously. 11 Briefly, to collect environmental isolates, a volume of approximately 5 ml dry surface soil (from urban as well as agricultural sites) was sampled into a sterile 15 ml tube at random locations across Thailand. Once received, samples were stored at 4
• C in the dark until processing. To screen for azole resistant A. fumigatus, 1 g of the soil sample was resuspended and vortexed thoroughly in 9 ml 0.5% (w/v) saponin solution, the debris briefly allowed settling and the supernatant transferred to a fresh tube. The resulting suspension was centrifuged, and the pellet resuspended in a final volume of 500 μl sterile NaCl. In sum, 100 μl each was plated on Sabouraud dextrose agar containing (a) no drug, (b) 1 μg/ml itraconazole (ITZ, Discovery Fine chemicals, Bournemouth, UK), or (c) 1 μg/ml voriconazole (VRZ, Discovery Fine chemicals, Bournemouth, UK). All samples were processed in three biologically independent experiments. Colonies growing after 2-4 days on azolecontaining agar were subcultured, and A. fumigatus isolates were kept for further analysis as outlined for the clinical isolates, all other excluded. Where more than one isolate was acquired from the same sample, all were processed further.
Species determination and strain genotyping
The species of all isolates in this study were determined by MALDI-TOF MS (MALDI Biotyper, Bruker Daltonics, Bremen, Germany) using the 'Fungi Library' database together with the liquid culture protocol as specified by the manufacturer. Strain genotyping of the individual isolates was performed by sequencing of the csp1 locus 12 and determining the repeat pattern.
Susceptibility testing
Antifungal drug susceptibility toward ITZ, VRZ, and posaconazole (PSZ) was tested by microdilution were taken from previous studies.
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DNA sequence analysis
From isolates with elevated MIC values to at least one of the azoles tested (MIC 0 ≥ 2 μg/ml) the cyp51A region including the promotor was amplified by PCR in three fragments (promotor region: primers A5 and A7; 16 CDS fragment1: Afcyp51A-F1F 5 -taatcgcagcaccacttcag-3 and Afcyp51A-F1R 5 -gaggacttttggctgtgagg-3 ; CDS fragment2: Afcyp51A-F2F 5 -attgtcccaattccaagctg-3 and Afcyp51A-F2R 5 -ccgatcacaccaaatccttt-3 ) and each fragment sequenced from both ends (SeqLab, Göttingen, Germany). Sequences from all isolates were assembled and inspected for nucleotide changes using the Geneious software.
Results
During 2014 and 2015, a total of 308 environmental soil samples was collected from three regions, in the East (Chon Buri, Chantha Buri, Prachin Buri, Chachoengsao, Rayong, Sakaeo, and Trat provinces), the Northeast (Chaiyaphum, Kalasin, Khon Kaen, Loei, Maha Sarakham, Nakhon Ratchasima, Nongbua lamphu, Nong Khai, Roi Et, Sakon Nakhon, Surin, Ubon Ratchathani, Udon Thani, and
Yasothon provinces), and the center of Thailand (Bangkok, Pathum Thani, and Samutprakan provinces). A total of 99 A. fumigatus isolates was cultured from these ( Table 2) . Agar screening test showed that 10 of the isolates grew in the presence of azoles and were further processed by EU-CAST broth microdilution and MALDI-TOF species identification. All of the 10 isolates were confirmed to be azole drug resistant (Table 3) . The MIC 0 range of all isolates toward ITZ was 8-16 μg/ml; only one isolate had intermediate resistance toward VRZ (MIC 0 = 2 μg/ml) and two isolates additional elevated MIC values toward PSZ (MIC 0 = 0.5 μg/ml).
From the 10 azole resistant A. fumigatus isolates, eight carried the cyp51A TR 34 /L98H allele and the remaining two with elevated PSZ MIC values an amino acid substitution at codon 54 from glycine to arginine (G54R). The latter isolates originated from two independent samples of a fruit farm in Trat province (Table 3) . To estimate the genetic relatedness, we sequenced the csp1 gene 12 of each resistant isolate. Among TR 34 /L98H isolates, seven were t04B, one was t11. Both G54R isolates were t03 (Table 3) .
Discussion
In the present study, azole resistant A. fumigatus was found in 10/308 (3.2%) soil samples from three different parts in the East, Northeast and Center of Thailand (Figure 1 ). The prevalence of azole resistant A. fumigatus in Thailand was therefore slightly lower than in Europe 11 and significantly lower than in Africa (Tanzania). In detail, two kinds of resistant isolates with respect to cyp51A were found: those with the TR 34 /L98H allele originated from Eastern and Northeastern provinces, and two isolates with G54R substitutions were found in Trat province in Eastern Thailand. All isolates were cross resistant against ITZ and PSZ but not against VRZ. The csp1-typing showed that they carried three different csp1 patterns: seven of the TR 34 /L98H isolates were csp1 type t04B, one was t11. Interestingly, the latter isolate was the one with the highest VRZ MIC measured, just at the breakpoint. With the exception of the absence of t02, this corresponds to the types also found in other parts of the world for TR 34 /L98H isolates. 11, 18 Both isolates from this study with the G54R substitution were csp1 type t03. At G54, different substitutions to G54A, E, W, and R, each with differential susceptibility patterns, are known. 11, 19, 20 Where this has been tested, isolates with substitutions at G54 corresponded to csp1 types t01 and t03.
17

11
Based on the cross resistance toward azole-based fungicides in TR 34 /L98H-carrying strains and the correlation of the onset of their environmental spread with the introduction of these antifungals into the market, an agricultural origin of these ARAF strains has been suggested. 5, 21, 22 For substitutions at G54, it has long been argued that they emerge in patients under prolonged therapy. 19, 23, 24 However, in recent years such isolates have also been found in environmental samples in several countries including Germany, 11 as well as India, Romania, and Tanzania. 25 Genotyping data suggest a similar environmental spread of such strains. 25 Propagation of ARAF by selective pressure through fungicides with structural similarity to clinically used triazole compounds has been discussed controversially. 1, 26 Support for the hypothesis was recently gained by screening of avian farms in China and France, where no triazole fungicides were in use. In these cases, none of the spreading alleles could be detected. 27 Thailand largely is an agricultural country, with conditions suitable for a variety of crops.
An unrepresentative survey of fungicide use among farmers in East Thailand from whose soils samples were taken (data not shown) did not reveal any positive correlation to azole fungicide usage. Rice farmers did report use of azole fungicides; whereas fruit farmers (growing Durian, Mangosteen, and Rambutan) used mainly phosphonic acid-based fungicides. However, ARAF was recovered at similar rates from samples obtained from fields with different crops (Table 2) . Of note, no ARAF was obtained from samples taken in or near the metropolitan area of Bangkok. With 3.25%, the environmental ARAF prevalence in Thailand is at the lower end of the range found in other Asian countries (Table 1) . Although azole-based fungicides are not majorly used in Thailand, 28 the data presented here establish the spread of at least two of the globally observed environmental ARAF alleles also to Southeast Asia and underlines the need to test azole resistance in IA patients in these countries.
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